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ABSTRACT

Background: Multiple sclerosis (MS) is a chronic inflammatory autoimmune disease of the central
nervous system. Pediatric-onset MS (POMS), defined as onset of MS before 18 years of age, is esti-
mated to account for 2% to 5% of the MS population worldwide.

Objectives: To conduct a literature review focused on the healthcare resource utilization and cost as
well as quality-of-life (QOL) outcomes among patients with POMS.

Methods: We conducted a systematic literature review of English-language studies published after
September 2010 in MEDLINE and Embase to describe the global economic healthcare resource uti-
lization and costs and humanistic (QOL) burden in patients with POMS.

Results: We found 11 studies that reported on healthcare resource utilization, cost, or insurance cov-
erage and 306 studies that reported on QOL outcomes in patients with POMS. Patients with POMS
had higher rates of primary care visits (1.41 [1.29-1.54]), hospital visits (10.74 [8.95-12.90]), and
admissions (rate ratio, 4.27 [2.92-6.25];0R, 15.2 [12.0-19.1]) compared with healthy controls. Mean
per-patient costs in the United States were $5907 across all settings per year of follow-up between
2002 and 2012; mean costs per hospital stay were $38543 (in 2015 USD) between 2004 and 2013.
Three studies reported psychosocial scores between 71.59 and 79.7, and 8 studies reported physi-
cal health scores between 74.62 to 82.75 using the Pediatric Quality of Life Measurement Model
(PedsQL™). Twelve studies used the PedsQL™ Multidimensional Fatigue Scale. Mean scores on the
self-reported general fatigue scale ranged from 63.15 to 78.5. Quality-of-life scores were lower than
those of healthy controls.

Discussion: Our review presents a uniquely broad and recent overview of the global economic and
humanistic burden of patients with POMS. Additional research on healthcare resource utilization and
cost would provide a more robust understanding of the economic burden in this population.

Conclusions: Healthcare resource utilization and costs are high in this population, and patients report
reduced QOL and significant fatigue compared with healthy children and adolescents.

BACKGROUND

rope, Middle East, and Asia); pooled global incidence was reported to
be 0.87 per 100000 children.? Prevalence ranged from 0.69 to 26.92

Multiple sclerosis (MS) is a chronic inflammatory autoimmune disease
of the central nervous system with onset of symptoms usually occurring
in adults between 20 to 40 years old.'? Pediatric-onset MS (POMS),
defined as onset of MS before 18 years of age, is estimated to account
for 2% to 5% of the MS population worldwide.'? Incidence and prev-
alence vary by geography and patient age. A recent systematic literature
review and meta-analysis reported that incidence ranges from 0.05 to
2.85 per 100000 children across 12 countries (in North America, Eu-

(pooled: 8.11) per 100000 children. Incidence and prevalence are
higher in the United Arab Emirates, where incidence was reported to
be 2.30 per 100000 children between 10 to 14 years old and 7.20 per
100000 adolescents between 15 to 19 years old, and prevalence was
reported to be 30.7 per 100000 children.’

Children have higher relapse rates and a greater burden of lesions
detected by magnetic resonance imaging than adults,®” but disease pro-
gression tends to be slower. Due in part to the younger age at disease
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onset, children reach disability milestones and secondary progression
carlier than adults. Studies have also shown patients with POMS report
reduced health-related quality of life (QOL) compared with healthy
controls.® Similar to adults, children with POMS may also experience
significant fatigue (some estimates report 20%-75% of patients),’ re-
sulting in further psychological challenges and reduced QOL."

Recent reviews have focused on characterizing how the disease
course differs from adult-onset MS"'"'? and guiding physicians on dis-
ease management.' Reviews on healthcare costs of adult patients with
MS have also been conducted in Spain'® and the United States,'* but
no global reviews have explored the economic burden (eg, healthcare
resource utilization and costs) in patients with POMS. Studies on
QOL outcomes can provide a clear description of how MS impacts
emotional, social, and physical functioning of pediatric patients. Re-
views of QOL studies in POMS have focused on fatigue,' comparing
neuropsychological correlates of adults vs children with MS,® and cog-
nitive function.”"

This literature review focuses on the healthcare resource utiliza-
tion and cost as well as QOL outcomes among patients with POMS.
Reporting on these outcomes together can provide a comprehensive
overview of the societal and individual costs of the disease, including

the decrement in QOL.

METHODS

As part of a larger study, we conducted a systematic literature review
to identify published information on the epidemiology, treatment
patterns, and clinical, humanistic, and economic disease burden of
10- to 17-year-old patients with POMS. We searched MEDLINE
(via PubMed) and Embase on September 27, 2020, to identify stud-
ies written in English, published in the last 10 years (September 27,
2010-September 27, 2020), that presented data on human patients
with POMS between 10 to 17 years old from any country, and includ-
ed at least 1 outcome of interest (epidemiology, treatment patterns,
morbidity, mortality, comorbidities, QOL, healthcare resource utili-
zation, healthcare costs, and health insurance coverage). We present
studies that reported data on healthcare resource utilization, healthcare
costs, health insurance coverage, and QOL to present all societal and
individual costs (economic and humanistic) of POMS.

MeSH and text words associated with POMS (eg, “pediatric on-
set multiple sclerosis”[tw], “POMS”[tiab], “pediatric multiple sclero-
sis”[tw]), children (eg, “child”’[Mesh], “adolescent”[Mesh], kid[tw]),
economic disease burden (eg, “cost of illness”[Mesh], “economic burden
of disease”[tw], “healthcare utilization”[tw], “healthcare cost*”[tw]),
and QOL (eg, quality of life’[Mesh], “HRQOL”[tw], “health related
quality of life’[tw]) were used. Full search strings are presented in Sup-
plemental Table S1.

Researchers experienced in literature reviews screened articles
in 2 phases: an initial title and abstract screen followed by a full-text
screen. Articles that stratified data by the pediatric population and
were not conference abstracts or pharmacokinetics/pharmacodynam-
ics, case studies, or in vitro studies were included. References of these
included articles and relevant literature reviews on POMS were mined
(ie, reviewed and screened) to ensure no key articles were missed. We
conducted the review using DistillerSR (Evidence Partners, Ottawa,
Canada), a systematic review program. From all studies that met the
inclusion criteria, we abstracted the study design, patient and control
group population (including age ranges and MS type if specified), data
source, country, dates of data collection, and relevant data on each
outcome of interest. Supplemental Figure S1 depicts the number of
articles screened and included.

RESULTS

Our full search resulted in 4599 unique articles, of which 202 were
included in the review. Eleven studies reported on economic burden,
including healthcare resource utilization and cost and/or health insur-
ance coverage (Supplemental Table S2) and 36 studies reported on
QOL outcomes (Supplemental Table $3), which are described in this
manuscript. Some studies reported on more than 1 of these outcomes.
Key findings across all studies are highlighted in Table 1.

Economic Burden

Eleven studies presented data on healthcare resource utilization, health-
care cost, and/or health insurance coverage (Supplemental Table S2).
Studies most often collected data from patient populations in the Unit-
ed States (n=4), followed by Canada (n=2), Denmark (n=2), Brazil
(n=1), and Switzerland (n=1); 1 study collected data from multiple
countries (United States, Italy, Russia, Argentina, France, Canada, Tu-
nisia, and Venezuela). Seven studies included data only on patients at
least 18 years old (diagnosed with MS as children), and 2 studies in-
cluded patients who were slightly older (<19 years) or slightly younger
(<17 years). The remaining 2 studies included patients of any age but
stratified data by patients 18 years old or younger. Five studies included
control groups, most commonly age- and sex-matched healthy con-
trols. Outcomes from each study are presented in Tables 2 and 3.

Six studies'®?! (from multiple countries) reported on inpatient
hospitalizations with varied lengths of follow-up. For example, 1 study
reported 0.5 hospital admissions per year among 92 patients in Den-
mark,' while 2 studies that collected data in the United States reported
1.2%° and 6.0"7 mean hospital admissions per patient over the course of
a 10-year study period (using the Pediatric Health Information Sys-
tem database, which includes data from many tertiary-care pediatric
hospitals across the United States, and within a hospital system in the
state of Utah, respectively). Other studies reported on the percentage
of patients (out of varying sample sizes) hospitalized in their study co-
horts (eg, 16.5% of patients [n=659] were hospitalized during a 1-year
baseline period” and 86.7% of patients <12 years old [n=15] were
hospitalized for an initial relapse*'). Compared with healthy matched
controls, a greater proportion of patients with POMS were hospital-
ized (19.4% of 36 patients with POMS vs 0% of 43 healthy controls'
and 16.5% of 659 patients with POMS vs 2.0% of 3294 healthy con-
trols in Canada) or admitted at higher rates (rate ratio [RR], 4.27
[2.92-6.25]"¢ among patients in Denmark, odds ratio [OR] 15.2 [12.0-
19.1]" among patients in Canada).

16,18-20,22

Five studies reported other types of utilization, including

ambulatory physician visits, hospital visits, and primary care visits.

Marrie et al'® (using data from Canada) and von Wyl et al*

(using
data from Switzerland) reported means of 13 (range, 6-27; n=36) and
7 (range, 4-10; n=236) physician visits over an unspecified follow-up
period, respectively. Wright et al*” reported a mean of 22.7 outpatient
visits per patient with POMS (n=57) over a mean follow-up period of
4.49 years in the United States. Boesen et al' reported a mean of 4.6
primary care and 5.9 hospital visits (which included outpatient hospital
visits, such as MS clinics, and hospital admissions) per patient (n=92)
per year in Denmark. Compared with age- and sex-matched healthy
controls, patients with POMS had higher marginal RRs of primary
care visits (1.41 [1.29-1.54]) and hospital visits (10.74 [8.95-12.90]).
One study using data from the United States reported on emergency
visits and found a mean of 2.1 emergency department visits (range,
0-40; n=57) per patient over a mean follow-up period of 4.49 years.”’

Three studies reported on healthcare costs; none compared the
costs of patients with POMS with healthy controls.'”?** Maia Diniz
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et al® reported that in Brazil, between 2000 and 2015, the mean an-
nual cost per patient was $12295.33 in 2017 US dollars (USD), or
$14638.05 in 2022 USD.** Wright et al,*° using data from 1 statewide
hospital system in the United States, reported a mean per-patient cost
of $26523 across all settings, $22052 for outpatient visits, $3591 for
inpatient stays, and $880 for emergency visits (not including provider
professional fees) over a mean follow-up period of 4.49 years in 2014
USD, or $32781, $27255, $4438, and $1087 in 2022 USD, respec-
tively.?* Using the Pediatric Health Information System database, La-
very et al' reported a mean cost of $38543 per hospital stay in 2015
USD, or $47679 in 2022 USD.*

Two studies using data from the United States identified that
58%% and 67%?° of their patients had private insurance, respectively.
Ross et al® additionally reported that 26% of patients had Medicaid
and 7% had no health insurance coverage.

Humanistic Burden

Thirty-six studies reported on QOL outcomes in patients with POMS
(Supplemental Table S3). Studies collected data from Canada (n=9),
the United States (n=06), or both (n=3), as well as Italy (n=7), Germany
(n=4), and the United Kingdom (n=2). There was 1 study from each
of Brazil, France, Netherlands, Norway, and Serbia. Thirteen studies
included patients 18 years old and under, 1 study included patients
who were slightly older (<19 years old), and 1 study included patients
who were slightly younger (<16 years old). The remaining studies either
included children and adolescents (eg, 4-18 years old, n=13) or only
adolescents (eg, 12-18 years old, n=7). One study did not specify the
age range of its pediatric population. Twenty-three studies included
control groups, most commonly age- and sex-matched healthy controls.

Studies reported dataon QOL, including fatigue-related outcomes,
using 10 different tools: The Pediatric Quality of Life Measurement

Table 1. Summary of Key Findings for Economic and Humanistic Outcomes Compared With Healthy Controls

POMS Patient Outcomes Reported by 22 Studies

POMS Patient Outcomes Compared With Healthy Controls

Select economic outcomes

Inpatient admissions/hospitalizations

1.2-6.0 mean hospital admissions per patient over a 10-y
period'”*

Admissions RR: 4.27 (2.92-6.25)'°
Admissions OR: 15.2 (12.0-19.1)¥

16.5% vs 2.0% hospitalized"
19.4% vs 0.0% hospitalized'®

Other utilization

7-13 physician visits over an unspecified follow-up

Primary care visits RR, 1.41 (1.29-1.54); hospital visits RR, 10.74 (8.95-

period'®* 12.90)1¢
Healthcare costs®
58%-67% private insurance®?® NR

Select humanistic outcomes

Quality of life®

63.35-72.04 mean score on emotional component of

PedsQL™ 4.028:29:32:33

74.62-82.75 vs 89.90 mean score on physical health component of
PedsQL™ 4.0'827-%

58.15-66.88 mean score on school component of

PedsQL™ 4.02%3122

71.59-79.70 vs 79.57 mean score on psychosocial summary score of

PedsQL™ 4.01#27-5

79.60-88.73 mean score on social component of

PedsQL™ 4.028:29:3233

Fatigue

23%-61.1% self-reported fatigue®

63.15 vs 74.20-77.64 mean score on self-reported general fatigue scale

31,33-36

19.8% vs 2.9% self-reported severe fatigue®

27.1-30.6 mean FSS¢ vs 21.5 median FSS*-4

43.8% vs 0.0% reported chronic fatigue?

32.52 vs 23.10 mean scores on the Modified Fatigue Impact Scale®®

Other?

NR 43.4 vs 67.5 mean exercise min/wk on GLTEQ*
36.00 vs 65.00 median exercise min/wk on GLTEQ*

Abbreviations: FSS, Fatigue Severity Scale; GLTEQ, Godin Leisure Time Exercise Questionnaire, NR, not reported; OR, odds ratio; RR, rate ratio.
The left column reports outcomes when 22 studies presented that outcome (allowing us to present a range). The right column presents outcomes compared with
healthy controls. Definition of healthy controls varied by study (eg, healthy matched controls, age- and sex-matched healthy controls).

*Other than patient insurance type, no 2 studies reported on the same healthcare costs and therefore no ranges can be presented. No studies compared costs with

healthy controls.

"Overall, higher mean scores (out of 100) indicate better health-related QOL, although no standard categories exist.*> Outside the MS literature, Beverung et al®®
classified a score of 81 to 100 as “better quality of life” and below 60 as “impaired quality of life.”
“No standard categories exist for the FSS. Higher scores represent greater fatigue severity.

No 2 studies reported on the same other humanistic outcomes and therefore no ranges can be presented.
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Table 2. Healthcare Resource Utilization Study Outcomes

Author (Year) Country Healthcare Resource Utilization

Marrie et al (2020)**  Canada Mean (SD) duration of follow-up (y)
Study period: 6.16 (3.96)
For HRQoL assessments: 2.6 (2.04)
Median IQR) number of HRQoL assessments (patients with MS <18 y vs healthy controls): 3
(2-4) vs 1 (1-1)
19.4% of patients with MS (vs 0 healthy controls) hospitalized between first and last HRQoL
date (total 16 times)
Median (IQR) number physician visits from first to last HRQoL date (patients with MS vs
healthy controls): 13 (6-27) vs 0 (0.0)
Rate of ambulatory visits rate ratio (95% CI) vs healthy controls: 1.49 (0.99-2.25)

Marrie (2019)" Canada Baseline utilization among prevalent cases (in the year before index date, patients with MS <18 y

vs age-, sex-, and region-matched healthy controls)

Hospitalized: 16.5% vs 2.0%

Median (IQR) number of physician visits: 9 (5-16) vs 3 (1-6)
Crude annual rate (95% CI) of utilization per 100 person-y (patients with MS vs age-, sex-, and
region-matched healthy controls)

Hospitalizations: 34.1 (25.5-44.8) vs 3.1 (2.0-4.6)
Ambulatory physician visits for MS cohort ranged from 828.2 (783.9-874.2) to 1703.3 (1643.9-
1764.4), 23-fold higher in the MS cohort than in matched cohort
Adjusted analysis (MS vs healthy controls)

Odds ratio (95% CI) of any hospitalization: 15.2 (12.0-19.1)

Rate ratio (95% CI) of ambulatory physician visits: 4.58 (4.26-4.92)

Healthcare utilization among incident cases (from time of diagnosis) also included

Boesen et al (2020)'®  Denmark Mean utilization per year for patients with MS <18 y
Primary care visits: 4.6
Hospital visits: 5.9
Hospital admissions: 0.5
Rate ratio (95% CI) for healthcare utilization at 1-y follow-up for patients with MS vs age- and
sex-matched healthy controls
Primary care visit: 1.41 (1.29-1.54)
All hospital visits: 10.74 (8.95-12.90)
Hospital admissions only: 4.27 (2.92-6.25)
30-day and 5-y follow-up periods, and MS vs non—brain-related chronic disease rate ratios also

included

Boesen (2019)* Denmark Mean, median (SD, range) utilization for patients with MS <18 y vs age- and sex-matched
controls
No. of hospital infections: 0.0055, 0 (0.074, 0-1) vs 0.0077, 0 (0.099, 0-2)
Antibiotic prescriptions: 0.73, 0 (1.2, 0-9) vs 0.59, 0 (1.01, 0-6)
Tests in primary care: 0.94, 0 (1.47, 0-8) vs 0.79, 0 (1.27, 0-9)
All exposures combined: 1.45, 0 (1.90, 0-11) vs 1.19, 0 (1.54, 0-10)
HR for infections for MS children and controls also included

von Wyl et al (2020)**  Switzerland Median (IQR) number of visits during follow-up among patients with MS <18 y: 7 (4-10)
(median [IQR] y follow-up: 6 [3.1-10.1])
Lavery etal (2016)7  US Mean, median (SD, range) utilization per patient with MS <19 y over the study period

Hospital admissions: 6.0, 4.0 (6.1, 1-8)

Length of stay per admission, days: 5.5, 4.0 (7.8, 4-4)
Mean annual rate of hospital admission per 10000

2004: 3.47

2013:5.32

Wright et al (2017)*  US Mean (range) utilization over study period among patients with MS <18 y
Total visits: 26.1 (1-308)
Outpatient visits: 22.7 (0-294)
Inpatient stays: 1.2 (0-6)
Emergency visits: 2.1 (0-40)
MRIs: 5.6 (1-32)

Krupp (2016)* US, Italy, Russia, Hospitalized for initial relapse (% US, ROW) among patients with MS
Argentina, France, Preadolescents (<12 y): 86.7, 77.1
Canada, Tunisia, Adolescents (12-17 y): 46.6, 58.3
Venezuela

Abbreviations: CI, confidence interval; HR, hazard ratio; HRQoL, health-related quality of life; IQR, interquartile range; MRIs, magnetic resonance imaging; ROW;,
rest of world.

Control group data reported as applicable to outcome of interest.
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Table 3. Healthcare Cost and Insurance Study Outcomes

Author (Year) Country Healthcare Costs

Maia Diniz et al (2017)% Brazil

Mean (SD) annual cost per patient with MS 0-17 y (USD): 12295.33 (4001.04)

Lavery et al (2016)" [N

Mean, median (SD) cost for an encounter (USD) per patient with MS: 38543, 24672 (54935)

Wright et al (2017)* usS

Total costs (USD) among patients with MS <18 y
All settings: 1511828
Outpatient: 1256969
Inpatient: 204708
Emergency: 50151

Mean per-patient costs (USD)

All settings: 26523
Outpatient: 22052

Inpatient: 3591
Emergency: 880

Mean per encounter costs (USD)

All settings: 1017
Outpatient: 970
Inpatient: 2924
Emergency: 418

Brenton et al (2019)% uUsS

58% of sample (patients and controls) reported private insurance

Ross et al (2010)2° Us
Private: 67
Medicaid: 26
None: 7

Insurance (%) among patients with MS <18 y

Control group data reported as applicable to outcome of interest.

Models (PedsQL™ 4.0, PedsQL™ Multidimensional Fatigue Scale),
Fatigue Severity Scale, Godin Leisure Time Exercise Questionnaire,
Childrens Global Assessment Scale, Multiple Sclerosis Functional
Composite, KIDSCREEN-52, Pediatric Functional Assessment of
Chronic Illness Therapy—Fatigue, 25-Foot Walk Test, and the Modified
Fatigue Impact Scale. The following paragraphs present the findings
from the most common QOL and fatigue measurement tools (the
PedsQL™ 4.0 and the PedsQL™ Multidimensional Fatigue Scale) to
provide an overview on these outcomes. All outcomes from each study

are included in Tables 4, 5, and 6.

Quality of life: Eight studies from various countries used either the
PedsQL™ 4.0 or the PedsQL™ Multidimensional Fatigue Scale or both
to report patient QOL."-33 Overall, higher mean scores (out of 100)
indicate better health-related QOL, although no standard categories
exist. One study in our review, from Canada, presented PedsQL™
4.0 scores of healthy patients'®; authors reported scores of 89.90 on the
physical health component and 79.57 on the psychosocial summary
score. Outside the MS literature, 1 study on sickle cell disease pain
classified a score of 81 to 100 as “better quality of life” and below 60 as
“impaired quality of life.”®

Only 2 studies reported total scores. One study from Italy report-
ed a total PedsQL™ 4.0 summary score of 80.3 at baseline and 80.7 at
1-year follow-up.”” A study from the Netherlands reported that 36%
of patients 4 to 17 years old (n=22) had abnormal PedsQL™ 4.0 total
functioning scores (defined as <1 SD below the mean of healthy age-
matched children).?!

All 8 studies'®”% reported on the physical health component
of the PedsQL™ 4.0, which ranged from 74.62 to 82.75 at baseline;
3 studies'®”?® reported on the psychosocial summary score, which
ranged from 71.59 to 79.7 at baseline. One study from France reported
that 20% of their patients (n=26) had scores under 75 on the physical
component (considered to be poor QOL).** Another study from the
Netherlands reported that 45% and 46% of patients (n=22) had ab-

normal physical and psychosocial summary scores, respectively.’!

Fatigue: Fatigue was the most commonly reported QOL outcome
among the 24 studies included in our review. Twelve studies used the
PedsQL™ Multidimensional Fatigue Scale, which includes a patient
self-reported fatigue scale. Mean scores on the self-reported general fa-
tigue scale ranged from 63.15 in German and Austrian patients® to
78.5 in Italian patients® (similar to mean scores in healthy matched
controls [74.2-77.64] from the same Italian center). Additionally,
compared with age-matched healthy controls, a larger proportion of
patients with POMS reported severe fatigue (19.8% vs 2.9%) using
patient self-reported data from Germany and Austria.?®

Seven studies reported on fatigue using the FSS. Mean scores can
be calculated 2 ways, and studies in our review reported both. The
first method involves averaging numerical responses across all 9 items
(ranging from 1 to 7) with higher scores representing greater fatigue
severity.”” While our review did not include any studies that compared
the FSS with healthy controls, the mean score for healthy individuals
is 2.3, and a score of 4 or more is considered indicative of problematic
fatigue.’® One study from Italy included in our review reported a mean
ESS on this scale of 2.5 to 3.3.%

The second method is based on the sum of each of the 9 items’
individual scores (yielding results ranging from 9 to 63). Although no
standard categories exist for this scoring scale, an older study on fatigue
in patients with MS (not included) reported the median for healthy
controls on the FSS to be 21.5.° Three studies in our review (2 from
Italy and 1 from the United States) reported the FSS on this scale,
with means ranging from 27.1 to 30.06. Four studies reported on
fatigue using the percentage of patients self-reporting fatigue (range,
23%-61.1%)** with 1 study from Canada finding a larger propor-
tion of patients with POMS reporting chronic fatigue (43.8% vs 0.0%)
compared with age-matched healthy controls.” One study reported on
fatigue using the Modified Fatigue Impact Scale, presenting a mean of
32.52 among patients with POMS compared with 23.10 among age-
and sex-matched healthy controls.®

Other QOL outcomes: Two studies included in our review, both
from the United Kingdom, used a qualitative design.** Carroll et
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Table 4. PedsQL™ Score Study Outcomes

Author (Year)

Country

PedsQL™ Score

Marrie et al
(2020)'®

Canada

Mean (SD) psychosocial HRQoL score on PedsQL™ at first measurement (patients with MS <18 y, healthy
controls)
76.13 (15.50) vs 79.57 (12.37)
27.8% vs 16.3% with score >1 SD below mean of healthy participants
Mean (SD) physical HRQoL score on PedsQL™ at first measurement (patients with MS vs healthy controls)
81.14 (19.49) vs 89.90 (9.59)
30.6% vs 23.3% with score >1 SD below mean of healthy participants
16.7% patients with MS with physical function impaired at first HRQoL measurement

Florea et al
(2020)%°

France

PedsQL™ inventory report <75 (%) among patients with MS <18 y
Physical: 20
Emotional: 50
Social: 5
School: 50
Global: 40

Storm van’s
Gravesande et al

(2019)*

Germany,
Austria

Mean (SD) self-reported HRQoL scale scores (patients with RRMS 12-18 y vs age-matched healthy controls)
Physical health: 74.62 (22.1) vs 86.67 (13.64)
Emotional functioning: 63.35 (24.89) vs 71.9 (21.21)
Social functioning: 88.73 (17.01) vs 91.96 (12.66)
School functioning: 58.15 (24.74) vs 71.88 (19.14)

Storm van’s
Gravesande et al

(2019)*

Germany,
Austria

Mean (SD) self-reported HRQoL scale scores among patients with RRMS 12-18 y
Physical health: 74.62 (22.1)
Emotional functioning: 63.35 (24.89)
Social functioning: 88.73 (17.01)
School functioning: 58.15 (24.74)
Total HRQoL scale: 71.81 (18.36)

Ghezzi et al
(2017)%

Ttaly

Mean (SD) PedsQL™ summary score at baseline, 52-wk follow-up among patients with RRMS 12-16 y
Total scale score: 80.3 (13.5), 80.7 (13.9)
Physical health: 81.3 (15.9), 81.9 (15.7)
Psychosocial health: 79.7 (13.8), 80.1 (14.9)

Toussaint-
Duyster et al
(2018)%!

Netherlands

PedsQL™-HRQoL functioning scores >1 SD below the mean among patients with MS 4-17 y (%)
Total: 36
Physical: 45
Emotional: 18
Social: 32
School: 46
Psychosocial: 46

Schwartz et al
(2018)

US, Canada

Mean (SD) PedsQL™ among patients with MS 10-18 y
Physical functioning: 80.17 (18.50)
Emotional functioning: 68.03 (23.05)
Social functioning: 83.18 (17.22)
School functioning: 63.56 (18.50)
Psychosocial health summary score: 71.59 (16.06)

Yeh et al 2017)%

US, Canada

Mean PedsQL™ score for patients with MS 10-18 y in interventional control group, motivational interview
group

Physical functioning: Baseline 82.75, 81.88; 6-mo follow-up 75.13, 83.46

Emotional functioning;: Baseline 72.04, 70.20; 6-mo follow-up 65.60, 67.71

Social functioning: Baseline 82.04, 85.20; 6-mo follow-up 79.60, 85.83

School functioning: Baseline 66.11, 66.80; 6-mo follow-up 64.00, 66.88
3-mo follow-up data also included

Abbreviations: HRQoL, health-related quality of life; PedsQL™, Pediatric Quality of Life Measurement Model; RRMS, relapsing-remitting multiple sclerosis.

Control group data reported as applicable to outcome of interest.

al* reported on emotional reactions to fatigue, its impact on daily ac-
tivities, and how patients with POMS (6-18 years old) find balance
and social support. Kirk and Hinton® reported on how patients with
POMS (8-17 years old) describe that the disease alters their sense of
identity, changes relationships, and reshapes how they think about the
future. Five studies reported on physical activity outcomes.”*** Two of
these studies, both from Canada, compared scores on the Godin Lei-
sure Time Exercise Questionnaire in patients with POMS to healthy
matched controls, both reporting fewer exercise minutes per week
among patients with POMS (mean, 43.4 vs 67.5°% median, 36.00 vs
65.00).%

DISCUSSION

Our review shows that POMS is associated with significant societal and
individual burden (both economic and humanistic). Studies reported
1.2 to 6.0 mean hospital admissions per patient over 10 years,'”*
high rates of hospitalizations (86%?' of the study population), and
frequent visits (eg, means of 4.6 primary care and 5.9 hospital visits
per year'®). Patients with POMS had higher rates of primary care visits
(RR, 1.41 [1.29- 1.54]), hospital visits (RR, 10.74 [8.95-12.90]),
and overall admissions (RR, 4.27 [2.92-6.25] and OR 15.2 [12.0-
19.1]) compared with healthy controls.'® Mean per-patient costs
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Table 5. Other QOL Test Study Outcomes

Author (Year) Country Other QOL Tests
Fragoso et al Brazil 12% of patients with MS <18 y used physiotherapy and hydrotherapy
(2013)%°
Grover et al Canada Median (IQR) (patients with MS 12-18 y vs healthy controls)
(2016)*° Physical activity self-efficacy: 1.4 (0.6) vs 1.6 (0.4)
Perceived disability: 4.0 (7.0) vs 2.0 (3.0)
Min/day of total physical activity
Median (IQR) measured via accelerometer: 106.3 (60.1) vs 105.0 (68.5)
Mean (SD) self-reported measured via GLTEQ: 43.4 (32.6) vs 67.5 (33.2)
Kinnett- Canada Median (IQR) min/day of total physical activity measured via accelerometer (patients with MS 8-18 y vs
Hopkins et al healthy controls): 106.33 (60.11), 109.00 (78.55)
(2016)* Median (IQR) self-reported exercise (min/wk) measured via GLTEQ: 36.00 (41.00) vs 65.00 (36.50)
Stephensetal ~ Canada Mean (SD) physical activity level using GLTEQ among patients with MS <18 y
(2019)* Light activity: 9.1 (8.3)
Moderate activity: 15.99 (12.2)
Vigorous activity: 20.1 (21.5)
Health Contribution Score/moderate-to-vigorous physical activity: 35.5 (30.1)
Blaschek etal ~ Germany Mean (SD) sec on timed 25-Foot Walk Test among patients with MS 12-17 y: 3.73 (1.3)
(2013)™
Toussaint- Netherlands  Movement Assessment Battery for Children among patients with MS 4-17 y (% total impairment score,
Duyster et al manual dexterity, balance)
(2018)%! Normal: 48, 62, 52
Borderline: 5, 29, 24
Motor problem: 48, 10, 24
Ostojic et al Serbia Mean (SD) PedsFACIT-F total score among patients with MS 14-18 y: 39.67 (9.32)
(2016)°! Mean (SD) KIDSCREEN-52 (patients with MS vs healthy controls)
Physical well-being: 47.00 (11.25) vs 52.60 (11.62)
Psychological well-being: 49.82 (12.76) vs 51.19 (10.26)
Moods and emotions: 51.65 (12.48) vs 47.06 (10.27)
Self-perception: 50.74 (10.19) vs 47.83 (8.28)
Autonomy: 53.40 (10.88) vs 53.76 (11.01)
Parent relation and home life: 55.12 (9.68) vs 50.69 (9.33)
Financial resources: 51.96 (8.70) vs 50.43 (8.84)
Social support and peers: 52.91 (13.55) vs 54.57 (11.26)
School environment: 47.65 (10.24) vs 48.63 (8.97)
Social acceptance (bullying): 50.86 (12.67) vs 52.60 (9.13)
Kirk and UK “The change and changeable body” emerged as the main finding and captured patients’ (8-17 y) experiences of
Hinton living with an MS diagnosis: altered sense of their identity, changed relationships (particularly with mothers),
(2019)® and a reconfigured future (acknowledging MS would be part of their lives)
Aaen et al Us Walked after 15 mo (%)
(2019)*! Patients with MS onset <11 y: 3.7

Patients with MS onset 211 y: 1.8

Healthy controls: 5.7

Waldman etal  US

Difference in composite z scores on MSFC between patients with MS 6-21 y and healthy controls (OR, P

(2016)%? value): 0.56, .23
Weisbrotetal ~ US Mean (SD) CGAS in patients with MS 8-17 y
(2014)% With psychiatric disorder: 58.20 (15.0)

No psychiatric disorder: 88.50 (8.1)

(P<.001)

Abbreviations: CGAS, Children’s Global Assessment Scale; GLTEQ, Godin Leisure Time Exercise Questionnaire; IQR, interquartile range; MSFC, Multiple Sclerosis
Functional Composite; PedsFACIT-FE, Pediatric Functional Assessment of Chronic Illness Therapy—Fatigue.

Control group data reported as applicable to outcome of interest.

were $5907 across all settings per year of follow-up between 2002 and
2012,% and mean costs per hospital stay were $38 543 between 2004
and 2013."

Given that incidence, prevalence, and costs of POMS vary by
geography (eg, lower per-patient costs were reported in Brazil® com-
pared with the United States'?"), it is difficult to generalize the glob-
al economic burden. We did not identify any published reviews on
healthcare resource utilization or costs in patients with POMS. The
US total cost of $5907 ($7524 in 2022 USD)* per patient per year of

follow-up is a low estimate because this calculation excluded provider

professional fees. Furthermore, these costs did not account for insur-
ance coverage. However, this cost is still higher than overall costs in
the US pediatric population, which has been reported to be less than
$3000 ($3755 in 2022 USD)* per child across all settings and age
groups.” Reviews based on adult patients with MS reported higher
costs in the United States than our pediatric findings (total mean all-
cause healthcare costs for adults ranged from $8528 to $54 244 per
patient per year in 2011') and lower costs in Spain (mean annual
cost per patient of €30050," equivalent to $43259 in 2011 USD or
$56790 in 2022 USD).%
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Table 6. Fatigue Study Outcomes

Author (Year)

Country

Fatigue

Akbar et al (2016)*

Canada

Mean (SD) PedsQL™ multidimensional fatigue score (patients with MS <18 y vs non-MS self-reported
healthy individuals): 30.4 (13.3) vs 22.6 (9.01)

Akbar et al (2016)®

Canada

Mean (SD) PedsQL™ multidimensional fatigue score (patients with MS <18 y vs healthy controls): 30.8
(14.1) vs 21.9 (7.1)

Akbar et al (2016)°

Canada

Mean (SD) PedsQL™ multidimensional fatigue score (patients with MS <18 y vs age- and sex-matched
healthy controls): 30.0 (13.4) vs 23.3 (8.8)

Fuentes et al (2012)%

Canada

23% patients with RRMS <19 y experienced fatigue

Grover et al (2016)*°

Canada

Median (IQR, % moderate-to-severe) fatigue (Varni Pediatric QOL Inventory Multidimensional
Fatigue) (patients with MS vs healthy controls)

General: 7.0 (6.0, 15) vs 7.0 (3.0, 14)

Cognitive: 7.0 (6.0, 19) vs 7.0 (7.0, 11)

Mean (SD, % moderate-to-severe) fatigue

Sleep/rest: 7.8 (4.8, 22) vs 9.3 (3.5, 22)

Total: 21.3 (12.5; 15) vs 23.1 (8.2, 11)

Stephens et al
(2019)%

Canada

Baseline mean (SD) fatigue (PedsQL™) among patients with MS <18 y
Total: 69.5 (16.5)
General: 71.77 (18.9)
Sleep/rest: 64.66 (19.88)
Cognitive: 72.1 (21.0)

Fatigue scores over time estimate (SE)
Total: -2.84 (1.03)
General: -3.68 (1.18)
Sleep/rest: -2.62 (1.05)
Cognitive: -1.59 (1.32)

T values and P values also included

Till et al (2012)%

Canada

Experienced chronic fatigue: 43.8% patients with RRMS <18 y vs 0% age- and sex-matched healthy
controls

Florea et al (2020)%

France

43% moderate or severe fatigue on FSS

Storm van’s
Gravesande et al
(2019)

Germany,
Austria

Mean (SD) self-reported fatigue scale scores (PedsQL™) (MS children, age-matched healthy controls)
General: 63.15 (25.73), 77.64 (17.83)
Sleep/rest: 55.46 (21.69), 63.15 (19.16)
Cognitive: 65.99 (26.36), 74.52 (20.76)

Storm van’s
Gravesande et al

(2019)*

Germany,
Austria

Mean (SD) self-reported fatigue scale scores (PedsQL™) (patients with RRMS 12-18 y vs age-matched
healthy controls)
General: 63.15 (25.73) vs 77.64 (17.83)
Sleep/rest: 55.46 (21.69) vs 63.15 (19.16)
Cognitive: 65.99 (26.36) vs 74.52 (20.76)
Total: 61.57 (20.78) vs 71.78 (15.58)
Classification of total fatigue (%) (patients with MS vs age-matched healthy controls)
None: 59.4 vs 82.8
Mild: 20.8 vs 14.4
Severe: 19.8 vs 2.9
Classification of general, sleep/rest, and cognitive fatigue also included

Kapanci et al (2019)*

Germany

Mean (SD) fatigue per Modified Fatigue Impact Scale (patients with MS vs age-and sex-matched healthy
controls): 32.52 (17.22) vs 23.10 (12.75)

Amato et al (2014)”

Italy

20% of patients with MS <18 y with fatigue on the FSS

Amato et al (2010)%®

Ttaly

21% with fatigue on the FSS

De Meo et al (2017)#

Ttaly

Mean (SD) FSS among patients with MS 7-18 y: 27.1 (12.1)

Goretti et al (2012)%

Ttaly

Mean (SD) of self-reported fatigue (PedsQL™) (patients with MS <18 y vs demographically matched
healthy controls)

General: 78.5 (18.9) vs 74.2 (14.1)

Sleep: 79.2 (14.3) vs 74.3 (14.5)

Cognitive: 83.0 (15.0) vs 77.5 (17.9)

Pasto et al (2016)*

Ttaly

Mean (SD) FSS for patients with RRMS <18 y with cognitive performance that is:
Deteriorating: 3.3 (1.9)
Stable/improving: 2.5 (1.8)

Rocca et al (2016)%

Italy

Mean (SD) ESS
All patients with RRMS 8-18 y: 27.2 (12.3)
CP patients: 27.6 (11.8)
CI patients: 26 (14.2)
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Table 6. Fatigue Study Outcomes, contd

Author (Year) Country Fatigue
Toussaint-Duyster et Netherlands >1 SD below the mean on PedsQL™ fatigue scores among patients with MS 4-17 y
al (2018)* Total: 36

General: 36

Sleep/rest: 27
Cognitive: 32

Sandvig et al (2015)%  Norway

61.1% patients with RRMS <16 y reported fatigability

Carroll et al (2016)* UK

Five themes emerged from interviews with patients with MS 6-18 y: (1) emotional reactions to fatigue

and its impact, (2) the lived experience of fatigue and impact on daily activities, (3) uncontrollability and
unpredictability of fatigue (uncontrollability, uncertainty, and lack of knowledge), (4) finding a balance
(concern about well-being, future), (5) social support and disclosure

Parrish et al (2013)%

US, Canada Mean (SD, % moderate-to-severe elevation) fatigue (Varni Pediatric QOL Inventory Multidimensional

Fatigue) (patients with MS 10-18 years vs healthy controls)
Total: 30.04 (18.48, 29.17) vs 20.03 (10.58, 8.62)
General: 9.42 (6.42, 33.33) vs 4.91 (3.68, 3.45)
Cognitive: 10.75 (7.26, 41.67) vs 7.05 (5.12, 20.69)
Sleep/rest: 9.46 (6.37, 37.5) vs 8.05 (4.57, 20.69)

Charvet et al (2016)#® US

Mean (SD, range) FSS among patients with MS 5-18 y: 30.06 (14.37, 9-53)

Holland et al (2014)”° US

Mean (SD, range) PedsQL™ Multidimensional Fatigue Scale among patients with MS 7-18 y

Cognitive: 61.80 (23.20, 17-1006)
Sleep/rest: 62.12 (22.50, 17-100)
General: 66.88 (19.53, 25-100)

Total: 63.08 (18.06, 25-100)

Zafar et al (2012)"! us

Mean (SD) total scores (patients with MS 13-18 y vs healthy children in a historical control group)

PedsQL™ Multidimensional Fatigue Scale: 61.53 (19.27) vs 61.06 (17.16)
Adolescent Sleep-Wake Scale: 4.11 (0.89) vs 5.07 (0.77)

Adolescent Sleep Hygiene Scale: 4.48 (0.64) vs 4.35 (0.56)

Modified Epworth Sleepiness Scale: 7.00 (3.36) vs 9.44 (4.14)

Abbreviations: CI, cognitively impaired; CP, cognitively preserved; FSS, Fatigue Severity Scale; IQR, interquartile range; PedsQL™, Pediatric Quality of Life; QOL,

quality of life; RRMS, relapsing-remitting multiple sclerosis.

Control group data reported as applicable to outcome of interest.

Even with treatment, patients with POMS have reduced QOL
compared with healthy controls. Studies reported PedsQL™ 4.0 psy-
chosocial scores between 72 to 80'%%? and physical health scores be-
tween 75 to 83."%%33 Studies of children with cancer reported similarly
low mean psychosocial scores (73) and even lower mean physical health
scores (72).”” Compared with healthy controls reported in our review,
both patients with POMS and those with cancer have lower scores than
healthy controls (mean psychosocial scores between 79 to 89'% and
physical health scores between 82 to 84%). Patients also reported prob-
lematic fatigue (FSS scores of patients in studies included in our review
ranged from approximately 27 to 30, compared with a median score of
21 for healthy controls in a 2003 study of MS patients®). In adults with
MS, symptoms of fatigue have been shown to impact disease course and
functional outcomes.”® In children and adolescents already experiencing
the typical challenges of growing up, reduced QOL, including impaired
mental, physical, emotional, and academic functioning, may have a
greater impact on life trajectories than in adults with MS.®

Our review of QOL studies found similar articles to Carroll et
al,'® a recent systematic review on fatigue and its association with clin-
ical, psychological, and social factors in children and adolescents with
POMS. Six of the 12 studies included in the prior review were iden-
tified in ours. Those which were not included were either published
prior to our search timeline (4 studies) or focused on cognitive tests
or behavioral health outcomes (2 studies) that we did not consider to
be aligned with our QOL outcomes. As a result, their study concluded
similar findings to ours, namely that fatigue is a concerning and com-
mon symptom in children and adolescents with POMS.

This review has limitations. While our goal was to report on pa-
tients 10 to 17 years old (other studies included wider age ranges), we
included all studies that presented data on the pediatric population.
Odur results are not specific to adolescents and include data from some
very young patients with POMS. Second, while studies reported on
different types of MS (eg, relapsing remitting vs primary progressive),
we did not examine nor report on these differences. Lastly, we did not
assess the quality of the studies included in our review or whether any
author bias was present.

Our search identified gaps in the current literature and yielded
ideas for future research. We found fewer studies in our review that
reported on healthcare resource utilization and costs than on QOL
outcomes. POMS is costly, and additional studies, such as studies uti-
lizing healthcare claims, should further estimate the costs associated
with POMS. Further, studies that consistently report costs over the
same time frame (eg, per year) would help compare findings across
publications. Only 2 studies reported on patient insurance coverage.
Studies exploring patient insurance coverage and potential lack of cov-
erage would provide a more complete picture of the economic burden
these young patients and their families face. Furthermore, given the re-
duced QOL in these patients, clinical trials should continue to measure
QOL and fatigue, documenting how therapies may help address these
outcomes. Lastly, while several studies reported on PedsQL™ and FSS
measures, the QOL studies reported on a wide range of instruments.
More consistent reporting of a limited number of instruments would
have made comparing results more informative.
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CONCLUSION

Our review presents a uniquely broad and recent overview of the global
economic and humanistic burden of patients with POMS. While no
articles presented both costs and QOL, our review demonstrates that
healthcare resource utilization and costs are high in this population,
and patients report reduced QOL and significant fatigue compared
with healthy children and adolescents. This decrease in QOL and
increase in economic burden in children and adolescents may have
further reaching consequences than those in older patients. Children
this age are already experiencing challenges typical of this difficult
development stage, burden is more likely to affect the entire family
rather than the patient alone, and consequences may impact the child’s
potential for future achievements.

Acknowledgments: The authors thank Saori Wendy Herman for her assistance
developing our search terms and conducting the searchers in MEDLINE and
Embase. Medical writing support was provided by Catherine Dellovo of PHAR
(Partnership for Health Analytic Research), and was funded by Sanofi.

Author Contributions: All authors were involved in design, data acquisitions,
and/or data analysis and interpretation. All authors were involved in develop-
ment of the manuscript and providing critical review. All authors approved the

final draft and take responsibility for the content.

Disclosures: N.G. and L.A. are full-time employees of Sanofi and may hold
stock and/or stock options. C.C., H.D., S.N.G. and 1Y. are employees of
PHAR (Partnership for Health Analytic Research), a health services research

company paid by Sanofi to conduct the literature review.

Funding: This work was funded by Sanofi.
REFERENCES

1. Alroughani R, Boyko A. Pediatric multiple sclerosis: a review.
BMC Neurol. 2018;18(1):27. doi:10.1186/5s12883-018-1026-3

2. Boiko A, Vorobeychik G, Paty D, Devonshire V, Sadovnick
D; The UBC MS Clinic Neurologists. Early onset multiple
sclerosis: a longitudinal study. Neurology. 2002;59(7):1006-1010.
doi:10.1212/WNL.59.7.1006

3. Yeh EA, Weinstock-Guttman B. Natalizumab in pediatric multiple
sclerosis patients. Zher Adv Neurol Disord. 2010;3(5):293-299.
doi:10.1177/1756285610381526

4. YanK, Balijepalli C, Desai K, Gullapalli L, Druyts E. Epidemiology
of pediatric multiple sclerosis: a systematic literature review and
meta-analysis. Mult Scler Relat Disord. 2020;44. doi:10.1016/j.
msard.2020.102260

5. Ismail FY, Gordon-Lipkin E, Huether K, et al. Pediatric multiple
sclerosis in the United Arab Emirates: characteristics from
a multicenter study and global comparison. J Child Neurol.
2018;33(6):422-427. doi:10.1177/0883073818759103

6. Gorman MP, Healy BC, Polgar-Turcsanyi M, Chitnis T.
Increased relapse rate in pediatric-onset compared with adult-
onset multiple sclerosis. Arch Neurol. 2009;66(1). doi:10.1001/
archneurol.2008.505

7.  Waubant E, Chabas D, Okuda DT, et al. Difference in disease
burden and activity in pediatric patients on brain magnetic
resonance imaging at time of multiple sclerosis onset vs adults. Arch
Neurol. 2009;66(8):967-971. doi:10.1001/archneurol.2009.135

8. Nunan-Saah ], Paulraj SR, Waubant E, Krupp LB, Gomez

of multple sclerosis

RG. Neuropsychological ~correlates

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

across the lifespan. Mult Scler. 2015;21(11):1355-1364.
doi:10.1177/1352458515586088

Parrish JB, Fields E. Cognitive functioning in patients with
pediatric-onset multiple sclerosis, an updated review and
future focus. Children (Basel). 2019;6(2):21. doi:10.3390/
children6020021

Carroll S, Chalder T, Hemingway C, Heyman I, Moss-Morris
R. Understanding fatigue in paediatric multiple sclerosis: a
systematic review of clinical and psychosocial factors. Dev Med
Child Neurol. 2016;58:11.

Macaron G, Feng ], Moodley M, Rensel M. Newer treatment
approaches in pediatric-onset multiple sclerosis. Curr Treat
Options  Neurol. 2019;21(10):50. doi:10.1007/s11940-019-
0592-z

Rensel M. Long-term treatment strategies of pediatric multiple
sclerosis, including the use of discase modifying therapies.
Children (Basel). 2019;6(6). doi:10.3390/children6060073
Ferndndez O, Calleja-Herndndez MA, Meca-Lallana J, Oreja-
Guevara C, Polanco A, Pérez-Alcdntara E Estimate of the cost
of multiple sclerosis in Spain by literature review. Expert Rev
Pharmacoecon Outcomes Res. 2017;17(4):321-333. doi:10.1080/
14737167.2017.1358617

Adelman G, Rane SG, Villa KE The cost burden of multiple
sclerosis in the United States: a systematic review of the literature.
J Med Econ. 2013;16(5):639-647. doi:10.3111/13696998.2013.
778268

. Yeh EA, Parrish JB, Weinstock-Guttman B. Disease progression

in pediatric multiple sclerosis: disparities between physical and
neurocognitive outcomes. Expert Rev Neurother. Published online
2011:9.

Boesen MS, Blinkenberg M, Thygesen LC, Eriksson F, Magyari
M. School performance, psychiatric comorbidity, and healthcare
utilization in pediatric multiple sclerosis: a nationwide population-
based observational study. Mult Scler. Published online September
25, 2020. doi:10.1177/1352458520959673

Lavery AM, Banwell BL, Liu G, Waldman AT. Hospital admission
rates for pediatric multiple sclerosis in the United States using
the Pediatric Health Information System (PHIS). Mult Scler Relar
Disord. 2016;9:5-10. doi:10.1016/j.msard.2016.05.018

Marrie RA, O’Mahony J, Maxwell C, et al. Factors associated
with health care utilization in pediatric multiple sclerosis.
Mult  Scler Relat  Disord. 2020;38:101511. doi:10.1016/j.
msard.2019.101511

Marrie RA, O’Mahony J, Maxwell CJ, et al. High rates of
health care utilization in pediatric multiple sclerosis: a Canadian
population-based  study. PLoS One. 2019;14(6):¢0218215.
doi:10.1371/journal.pone.0218215

Wright MA, Korgenski EK, Bardsley T, Bonkowsky JL,
Candee MS. Comprehensive population-based determination
of pediatric multiple sclerosis health care costs. Newurol
Neuroimmunol Neuroinflamm. 2017;4(1):e314. doi:10.1212/
NXI.0000000000000314

Krupp LB. Subcutaneous interferon B-la in pediatric patients
with multiple sclerosis: regional differences in clinical features,
disease management, and treatment outcomes in an international
retrospective study. / Neurol Sci. Published online April 15, 2016.
von Wyl V, Décard BE, Benkert P, et al. Influence of age at disease
onset on future relapses and disability progression in patients
with multiple sclerosis on immunomodulatory treatment. Eur J
Neurol. 2020;27(6):1066-1075. doi:10.1111/ene.14191

Maia Diniz I, Guerra AA, Lovato Pires de Lemos L, et al. The long-
term costs for treating multiple sclerosis in a 16-year retrospective

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH



Greene N, et al.

113

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cohort study in Brazil. PLoS One. 2018;13(6):e0199446.
doi:10.1371/journal.pone.0199446

US Bureau of Labor Statistics. CPI inflation calculator. Published
2022. Accessed July 1, 2022. hteps://bit.ly/3eDAb95

Brenton JN, Woolbright E, Briscoe-Abath C, Qureshi A, Conaway
M, Goldman MD. Body mass index trajectories in pediatric
multiple sclerosis. Dev Med Child Neurol. 2019;61(11):1289-
1294. doi:10.1111/dmcn.14233

Ross KA, Schwebel DC, Rinker J, Ness J, Ackerson J.
Neurocognitive sequelaec in African American and Caucasian
children with multiple sclerosis. Neurology. 2010;75(23):2097-
2102. doi:10.1212/WNL.0b013e318200d7b9

FUTURE Study Group; Ghezzi A, Bianchi A, et al. A multicenter,
observational, prospective study of self- and parent-reported

quality of life in adolescent multiple sclerosis patients self-
administering interferon-pla using RebiSmart™—the FUTURE
study. Neurol Sci. 2017;38(11):1999-2005. doi:10.1007/s10072-
017-3091-6

Schwartz CE, Grover SA, Powell VE, et al. Risk factors for
non-adherence to disease-modifying therapy in pediatric
multiple  sclerosis.  Mult  Scler.  2018;24(2):175-185.
doi:10.1177/1352458517695469

Yeh EA, Grover SA, Powell VE, et al. Impact of an electronic
monitoring device and behavioral feedback on adherence to
multiple sclerosis therapies in youth: results of a randomized trial.
Qual Life Res. 2017;26(9):2333-2349. doi:10.1007/s11136-017-
1571-z

Florea A, Maurey H, Le Sauter M, Bellesme C, Sevin C, Deiva K.
Fatigue, depression, and quality of life in children with multiple
sclerosis: a comparative study with other demyelinating diseases.
Dev Med Child Neurol. 2020;62(2):241-244. doi:10.1111/
dmen. 14242

Toussaint-Duyster LC, Wong YYM, Van der Cammen-van Zijp
MH, et al. Fatigue and physical functioning in children with
multiple sclerosis and acute disseminated encephalomyelitis. Mult
Scler. 2018;24(7):982-990. doi:10.1177/1352458517706038
Storm van’s Gravesande K, Calabrese B, Blaschek A, et al. The
Multiple Sclerosis Inventory of Cognition for Adolescents
(MUSICADO): a brief screening instrument to assess cognitive
dysfunction, fatigue and loss of health-related quality of life
in pediatric-onset multiple sclerosis. Eur ]| Paediatr Neurol.
2019;23(6):792-800. doi:10.1016/j.¢jpn.2019.08.006

Storm van’s Gravesande K, Blaschek A, Calabrese B, et al. Fatigue
and depression predict health-related quality of life in patients
with pediatric-onset multiple sclerosis. Mult Scler Relat Disord.
2019;36:101368. doi:10.1016/j.msard.2019.08.010

Varni J. Scaling and scoring of the Pediatric Quality of Life
Inventory PedsQL. Published online 2017. https://www.pedsql.
org/PedsQL-Scoring.pdf

Beverung LM, Varni JW, Panepinto JA. Clinically meaningful

interpretation of pediatric health-related quality of life in sickle
cell disease. ] Pediatr Hematol Oncol. 2015;37(2):128-133.
doi:10.1097/MPH.0000000000000177

Goretti B, Portaccio E, Ghezzi A, et al. Fatigue and its
relationships with cognitive functioning and depression in
paediatric multiple sclerosis. Mult Scler. 2012;18(3):329-334.
doi:10.1177/1352458511420846

Fatigue Severity Scale. Shirley Ryan AbilityLab. Accessed April
14, 2021. heeps://www.sralab.org/rehabilitation-measures/

fatigue-severity-scale

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Fatigue Severity Scale. Published online2017. http://movingahead.
psy.unsw.edu.au/documents/research/outcome%20measures/
adult/TBI1%20Related%20Symptoms/Website%20ESS.pdf

Pastd L, Portaccio E, Goretti B, et al. The cognitive reserve theory

in the setting of pediatric-onset multiple sclerosis. Mult Scler.
2016;22(13):1741-1749. doi:10.1177/1352458516629559

Kos D, Kerckhofs E, Nagels G, et al. Assessing fatigue in multiple
sclerosis: Dutch Modified Fatigue Impact Scale. Acta Neurol Belg.
2003;103(4):185-191.

Rocca MA, Morelli ME, Amato MP et al
hippocampal involvement and cognitive impairment in
pediatric multiple sclerosis. Mult Scler. 2016;22(5):628-640.
doi:10.1177/1352458515598569

De Meo E, Moiola L, Ghezzi A, et al. MRI substrates of sustained
attention system and cognitive impairment in pediatric MS
patients.  Neurology. 2017;89(12):1265-1273. doi:10.1212/
WNL.0000000000004388

Charvet L, Cersosimo B, Schwarz C, Belman A, Krupp

Regional

LB. Bechavioral symptoms in pediatric multiple sclerosis:
relation to fatigue and cognitive impairment. J Child Neurol.
2016;31(8):1062-1067. doi:10.1177/0883073816636227
Carroll S, Chalder T, Hemingway C, Heyman I, Moss-Morris
R. “It feels like wearing a giant sandbag.” Adolescent and parent
perceptions of fatigue in paediatric multiple sclerosis. Eur [ Paediatr
Neurol. 2016;20(6):938-945. doi:10.1016/j.¢jpn.2016.06.004
Fuentes A, Collins DL, Garcia-Lorenzo D, et al. Memory
performance and normalized regional brain volumes in patients
with pediatric-onset multiple sclerosis. J Int Neuropsychol Soc.
2012;18(03):471-480. doi:10.1017/51355617711001913
Sandvig I, Barlinn J, Nedregaard B, Skjeldal OH. Multiple
sclerosis in children and adolescents. An important differential
diagnosis of acute neurological disease. Eur | Paediatr Neurol.
2015;19(2):211-217. doi:10.1016/j.¢jpn.2014.12.004

Till C, Udler E, Ghassemi R, Narayanan S, Arnold D, Banwell
B. Factors associated with emotional and behavioral outcomes in
adolescents with multiple sclerosis. Mult Scler. 2012;18(8):1170-
1180. doi:10.1177/1352458511433918

Kapanci T, Rostdsy K, Hiusler MG, et al. Evaluating
and
cognitive functions in paediatric multple sclerosis. Mult
Scler ] Exp Transl Clin.  2019;5(4):205521731989436.
doi:10.1177/2055217319894365

Kirk S, Hinton D. “I'm not what I used to be”: a qualitative study

the relationship between psychometric intelligence

exploring how young people experience being diagnosed with
a chronic illness. Child Care Health Dev. 2019;45(2):216-226.
doi:10.1111/cch.12638

Grover SA, Sawicki CP, Kinnett-Hopkins D, et al. Physical
activity and its correlates in youth with multiple sclerosis. /
Pediatr. 2016;179:197-203.¢2. doi:10.1016/j.jpeds.2016.08.104
Aaen G, Waltz M, Vargas W, et al. Acquisition of early
developmental milestones and need for special education services
in pediatric multiple sclerosis. / Child Neurol. 2019;34(3):148-
152. doi:10.1177/0883073818815041

Blaschek A, Keeser D, Miiller S, et al. Early white matter changes
in childhood multiple sclerosis: a diffusion tensor imaging study.
AJNR Am ] Neuroradiol. 2013;34(10):2015-2020. doi:10.3174/
ajnr.A3581

Kinnett-Hopkins D, Grover SA, Yeh EA, Motl RW. Physical
activity in pediatric onset multiple sclerosis: validating a
questionnaire for clinical practice and research. Mult Scler Relat
Disord. 2016;10:26-29. doi:10.1016/j.msard.2016.08.010

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH



114

Greene N, et al.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Stephens S, Shams S, Lee J, et al. Benefits of physical activity
for depression and fatigue in multiple sclerosis: a longitudinal
analysis. ] Pediarr. 2019;209:226-232.¢2. doi:10.1016/j.
ipeds.2019.01.040

Bui AL, Dieleman JL, Hamavid H, et al. Spending on
children’s personal health care in the United States, 1996-
2013. JAMA Pediatr. 2017;171(2):181-189. doi:10.1001/
jamapediatrics.2016.4086

Euro to US-dollar conversion. EUR to USD exchange rate
calculator.  Markets Insider.  markets.businessinsider.com.
Published 2021. Accessed July 23, 2021. https://bit.ly/3KZEtnc

Varni JW, Burwinkle TM, Katz ER, Meeske K, Dickinson
P The PedsQL™ in pediatric cancer: reliability and validity of

the pediatric quality of life inventory™ generic core scales,
multidimensional fatigue scale, and cancer module. Cancer.
2002;94(7):2090-2106. doi:10.1002/cncr. 10428

Greeke EE, Chua AS, Healy BC, Rintell DJ, Chitnis T, Glanz
BI. Depression and fatigue in patients with multiple sclerosis. /
Neurol Sci. 2017;380:236-241. doi:10.1016/j.jns.2017.07.047
Boesen MS, Koch-Henriksen N, Thygesen LC, et al. Infections
seem to be more frequent before onset of pediatric multiple
sclerosis: a Danish nationwide nested case—control study. Mult
Scler. 2019;25(6):783-791. doi:10.1177/1352458518771871
Fragoso YD, Ferreira MLB, Morales N de MO, et al. Multiple
sclerosis starting before the age of 18 years: the Brazilian experience.
Arq Neuro-Psiquiatr. 2013;71(10):783-787. doi:10.1590/0004-
282X20130122

Ostojic S, Stevanovic D, Jancic J. Quality of life and its correlates
in adolescent multiple sclerosis patients. Mult Scler Relat Disord.
2016;10:57-62. doi:10.1016/j.msard.2016.08.013

Waldman AT, Chahin S, Lavery AM, et al. Binocular low-contrast
letter acuity and the symbol digit modalities test improve the
ability of the Multiple Sclerosis Functional Composite to predict
disease in pediatric multiple sclerosis. Mult Scler Relar Disord.
2016;10:73-78. doi:10.1016/j.msard.2016.08.012

63.

64.

65.

66.

67.

68.

69.

70.

71.

Weisbrot D, Charvet L, Serafin D, et al. Psychiatric diagnoses and
cognitive impairment in pediatric multiple sclerosis. Mult Scler.
2014;20(5):588-593. doi:10.1177/1352458513504249

Akbar N, Banwell B, Sled JG, et al. Brain activation patterns
and cognitive processing speed in patients with pediatric-onset
multiple sclerosis. J Clin Exp Neuropsychol. 2016;38(4):393-403.
doi:10.1080/13803395.2015.1119255

Akbar N, Till C, Sled JG, et al. Altered resting-state
functional connectivity in cognitively preserved pediatric-
onset MS patients and relationship to structural damage and
cognitive  performance.  Mult  Scler.  2016;22(6):792-800.
doi:10.1177/1352458515602336

Akbar N, Giorgio A, Till C, et al. Alterations in functional and
structural connectivity in pediatric-onset multiple sclerosis. PLoS
One. 2016;11(1):e0145906. doi:10.1371/journal.pone.0145906
Amato MP, Goretti B, Ghezzi A, et al. Neuropsychological
features in childhood and juvenile multiple sclerosis: five-year
follow-up. Neurology. 2014;83(16):1432-1438. doi:10.1212/
WNL.0000000000000885

Amato MP, Goretti B, Ghezzi A, et al. Cognitive and psychosocial
features in childhood and juvenile MS. Neurology. 2010;(3):7.
Parrish JB, Weinstock-Guttman B, Smerbeck A, Benedict
RHB, Yeh EA. Fatigue and depression in children with
demyelinating disorders. / Child Neurol. 2013;28(6):713-718.
doi:10.1177/0883073812450750

Holland AA, Graves D, Greenberg BM, Harder LL. Fatigue,
emotional functioning, and executive dysfunction in pediatric
multiple sclerosis. Child Neuropsychol. 2014;20(1):71-85. doi:10.
1080/09297049.2012.748888

Zafar AB, Ness J, Dowdy S, Avis K, Bashir K. Examining
sleep, fatigue, and daytime sleepiness in pediatric multiple
sclerosis  patients.  Mult  Scler.  2012;18(4):481-488.
doi:10.1177/1352458511424307

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH



